Heparin binding site, conformational change, and activation of antithrombin.
Alignment of the heparin-activated serpins indicates the presence of two binding sites for heparin: a small high-affinity site on the D-helix corresponding in size to the minimal pentasaccharide heparin, and a longer contiguous low-affinity site extending to the reactive center pole of the molecule. Studies of the complexing of antithrombin and its variants with heparin fractions and with reactive center loop peptides including intermolecular loop-sheet polymers all support a 3-fold mechanism for the heparin activation of antithrombin. Binding to the pentasaccharide site induces a conformational change as measured by circular dichroism. Accompanying this, the reactive center becomes more accessible to proteolytic cleavage and there is a 100-fold increase in the kass for factor Xa but only a 10-fold increase for thrombin, to 6.4 x 10(4) M-1 s-1. To obtain a 100-fold increase in the kass for thrombin requires in addition a 4:1 molar ratio of disaccharide to neutralize the charge on the extended low-affinity site. Full activation requires longer heparin chains in order to stabilize the ternary complex between antithrombin and thrombin. Thus, addition of low-affinity but high molecular weight heparin in conjunction with pentasaccharide gives an overall kass of 2.7 x 10(6) M-1 s-1, close to that of maximal heparin activation.